organizational and administrative aspects of utilizing this method in the public and nonpublic schools of Chicago and its suburbs; the validity of the method.
Materials and Methods
During the school year 1962-63 the heartsounds tape-recording procedure was carried out in a stratified random sample of Chicago area high school students. Altogether, 49,753 student-s were tape recorded, constituting an approximately 1 in 6 sample of the total number of high school pupils in the metropolitan Chicago area defined here as the City of Chicago, Cook County outside Chicago, Lake and DuPage Counties. For purposes of stratified sampling, the 219 high schools in the area at the time of sample selection, with enrollment of approximately 297,000 students, were divided into public and non-public, and then into eight geographic-socioeconomic-racial areas within Chicago; into West, South and North Cook County outside of Chicago; and into DuPage and Lake Counties. By random-sampling technic, selection was made of schools, public and non-public, from each of these 13 geographic areas.
Extensive prior preparation was undertaken to assure community and school cooperation and the health education, organization, and administration needed for the successful accomplishment of a mass-detection project. In general, this entailed close cooperation among such key agencies as the Chicago Heart Association, the Illinois Department of Public Health, the health departments in each community, the boards of education and the school staffs responsible for over-all administration and health, the parent-teachers' associations, the medical society branch and the county organizations. * The children had their heart sounds tape re-*For further information about health educational, organizational and administrative aspects, the reader may communicate with the Chicago Heart Association, 22 West Madison Street, Chicago, Illinois 60602.
Ctrculatson, Volume XXXII, December 1965 corded only upon signature and return of a written consent from their parents or guardians. A census was made of the student body in each school, by age and sex, for purposes of assessing response rate and accomplishing epidemiologic analysis of the prevalence data.
The heart sounds were tape recorded at apex and base by a technical team using new semiportable equipment developed by the subcommittee on instrumentation of the Heart Screening Program Advisory Committee, Chicago Heart Association.*
The tape recordings were evaluated by two specially trained physician readers using ear phones.t When a recording was interpreted as technically unsatisfactory or suspicious of significant murmur, the child was listed for recall, i.e., direct auscultation by two pediatric cardiologists. In addition, all children were recalled whose school medical record indicated a history of an illness relating to the heart, or an excuse from gymnasium activities presumably because of heart disease. This latter procedure was done in order to assess the prevalence of false-positive diagnoses of heart disease.
Recall examinations were serially accomplished in the schools where tape recording had been done. At Circulation, Volume XXXII, December 1965 staff, reviewed by a pediatric cardiologist, and accepted as definitive or referred back for further information and eventual completion, as indicated.
The families failing to respond to the request for permission to tape record their children's heart sounds became part of a special nonrespondent study. A standard questionnaire was mailed to all of them, with a letter of request explaining the reasons for the attempt to obtain information from them. This was essentially an effort to clarify both the reasons for nonresponse and the cardiac status of the nonparticipant children.
In order to make over-all estimates of disease prevalence rates, information was collected on the number of high school students in the study area who were ill at home, ill in the hospital or in a special school because of a diagnosis of heart disease.
To test the validity of the heart-sounds taperecording procedure, children with known specific types of heart disease were brought by automobile and placed randomly in the line of children being tape recorded at each school. Their heart sounds were therefore presented to the physician readers as unknowns, mixed at random with the thousands recorded in the regular course of the project.
This procedure was costly and complex. Therefore, an alternate method of inserting known positives as unknowns was utilized concurrent with the foregoing approach. This involved the laboratory insertion on the tapes of previously transcribed heart sounds from children with known specific types of organic heart disease. Appropriately timed "blanks" had been made during the routine taping by the technicians. The transcribed known heart sounds were later dubbed into the blank space in the electronic laboratory. In the early phase of this effort, the technic for this procedure was unsatisfactory, and it was entirely possible to "spot" these inserts from the difference in background noise. Subsequently, however, these difficulties were overcome by using a sound-onsound technic, with initial recording of school background noise in the "blank" sections, and subsequent "dubbing in" of murmurs in the electronic laboratory. This report deals only with data accrued in the latter phase of this aspect of the validity study.
All data were recorded on standard pre-coded forms for key-punching into IBM cards, and eventual transfer to tape for computer processing.
Results

Response Rate
Of the total of 55,338 high school students in the schools sampled, 49 With respect to the eight geographic-socioeconomic-ethnic areas in the City of Chicago, the number of students surveyed and the number with rheumatic heart disease were too small to yield prevalence rates amenable to quantitative differential epidemiologic analysis. This was true for congenital heart disease also. With respect to the non-public school students within the City of Chicago, the eight areas are not meaningful, since the nonpublic high schools are not organized consistently on a neighborhood and community basis.
Comparison of city and suburban prevalence rates for rheumatic heart disease revealed rates of 0.8 and 0.5 per 1,000 students, respectively. These rates were not significantly different. The rates for all public and all nonpublic high school students were 0.6 and 0.7, respectively, virtually identical rates.
For congenital heart disease, the city and suburban rates were 1.5 and 1.4 per 1,000, respectively; the public and non-public student rates were 1.4 and 1.7, respectively-again, very similar rates.
The over-all prevalence rate for congenital heart disease was about twice that for rheumatic heart disease-1.5 and 0.7, respectively.
With respect to rates of previously unknown heart disease, they were 1.0 and 0.9 per 1,000 students for the City of Chicago and the suburbs respectively, i.e., the suburbs did not differ significantly from Chicago in this regard.
Circulation, Volume XXXII, December 1965 The rates were 0.9 and 1.1 in the public and non-public schools, respectively. Based on the over-all prevalence rates for previously unknown heart disease (0.3 for rheumatic and 0.6 for congenital heart disease), there are among the 297,000 high school pupils in the Chicago metropolitan area an estimated 89 and 178 students with unknown rheumatic and congenital heart disease, respectively, i.e., a total of 267 students with unknown heart disease. This is an underestimation, since it does not take into account the false-negative rate for the detection procedure (see below), and the likelihood that a high per cent of the children who would be missed as false negatives by the tape-recording method (if done on all 297,000 students) have undiagnosed heart disease.
The number of students and the prevalence rates per 1,000 students of rheumatic, congenital, and all heart disease (previously unknown and known) by sex and color are presented in table 2. The highest prevalence rate for rheumatic heart disease (1.3 per 1,000) was observed in the nonwhite females, the lowest (0.4 per 1,000) in the nonwhite males. However, none of these rates were statistically significantly different from each other or from the rate for the entire group. The prevalence rate was slightly higher in nonwhites, compared with whites (0.9 and 0.6 per 1,000, respectively), but these rates were not significantly different from each other. The prevalence rates were slightly higher in females compared with males (0.8 and 0.5 per 1,000, respectively), but again these rates were not significantly different from each other.
The highest prevalence rate for congenital heart disease was observed in nonwhite males (2.5 per 1,000), the lowest in nonwhite females (1.3 per 1,000) (table 2). Here again, the rates were not significantly different from each other or from the rate for all students surveyed.
The rate for previously unknown heart disease was higher in nonwhites as compared with whites, 1.4 and 0.8 per 1,000, respectively, but again these differences were not statistically significant (table 2). The rate for previously Q Y E * ce~~a E =32 C unknown heart disease was higher in female students compared with males (1.1 and 0.7 per 1,000, respectively), but again the difference between these two rates was not statistically significant.
Estimate of the Over-all or True Prevalence of Heart Disease in Chicago Area High School Students
The aforementioned prevalence rates are in fact apparent rates. They underestimate the true rate, since they are calculated without accounting for heart disease among nonrespondents, among students absent from recall, among absentees from school (students with heart disease, ill at home or in the hospital), and among students with heart disease in special schools for the handicapped. They also take no account of the number of children missed by the detection procedure, i.e., the false negatives (cf. the previous paper and the data on validity below). An effort was therefore made to estimate the numbers of children involved in these categories, and based on these estimates, to calculate true prevalence rates for rheumatic and congenital heart disease among high school students in the Chicago area.
A total of 5,585 students were not tape recorded among the 55,338 students counted in the high schools constituting the sample for this study. A special questionnaire was mailed to 5,246 parents of these nonrespondents. Replies were received from 2, 193 ; 93 parents indicated their children had heart disease. Inquiries were then addressed to the physicians of these 93 children, and 30 replies were received. With regard to these 30 students, their physicians reported that seven had no heart disease, seven had congenital heart disease, and 16 rheumatic. These proportions were extrapolated to the total of 93 students said by their parents to have heart disease. An extrapolation was then made from these estimates based on 2,193 replies to the total group of 5,585 nonrespondents. Two further assumptions were next made, i.e., a study throughout the Chicago metropolitan area, involving all high schools, would yield a similar nonresponse rate, and similar prevalence rates of rheumatic and congenital heart disease would prevail among the nonrespondents. Based on these several assumptions, it was calculated that 634 students with rheumatic and 277 with congenital heart disease would be present in the nonrespondent group throughout the area.
As noted earlier in this paper, 50 of the students listed for recall, based on the interpretation of the tape recording of heart sounds, were absent from the recall. Of these, 15 were subsequently examined, and nine of them were found to have organic heart disease, two rheumatic, and seven congenital. The findings in these 15 were assumed to be typical of the situation among all 50 of those absent from recall, and an extrapolation was made concerning the number of children with rheumatic and congenital heart disease in the 50 children absent from recall. It was further assumed that in a study on prevalence of heart disease throughout all high schools in the metropolitan area, a similar rate of absenteeism from recall, and of heart disease prevalence in the absentees, would occur. Based on these assumptions, it was estimated that 35 students with rheumatic and 124 with congenital heart disease would be present among absentees from recall in an area-wide survey.
A special inquiry was made with respect to children sick at home or in the hospital, and children attending special schools because of organic heart disease. For the entire metropolitan area, 47 students, 26 with rheumatic and 21 with congenital heart disease, were identified in this way. They were incorporated into the calculation of an over-all prevalence rate.
The students with rheumatic and congenital heart disease detected in the heart-sounds taperecording project were included in this calculation, with an extrapolation based on the assumption that the observed prevalence rates of rheumatic and congenital heart disease would prevail, should the project be conducted among all 297,000 high school students throughout the area. This estimate was also incorporated in the calculation of an over-all true prevalence rate.
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sumed for the tape-recording detection procedure, based on the findings reported in the preceding paper.3 It was further assumed that validity was less for detection of rheumatic than for congenital heart disease. Therefore the rates for missed rheumatic and congenital heart disease (false negatives) were assumed to be in the order of 0.4 and 0.1 per 1,000 high school students, respectively. Based on these assumptions, 119 and 30 children with rheumatic and congenital heart disease would be missed if the detection procedure were to be done among all 297,000 Chicago area high school students. (As already noted, it would appear valid to assume that a high per cent of these false negatives would be undiagnosed cases. Therefore, the true total of students with undiagnosed heart disease is in the order of 400, rather than the above-mentioned estimate of 267.) With these assumptions and extrapolations, the estimate was made that 991 students with rheumatic heart disease and 839 with congenital heart disease, a total of 1,830 students with organic heart disease, were present among the approximately 297,000 Chicago metropolitan area high school students in 219 high schools. Based on this estimate of total enrollment, prevalence rates for rheumatic, congenital, and all organic heart disease were estimated to be 3.3, 2.8 and 6.1 per 1,000 students, respectively-1.3 per 1,000 undetected (400 students).
Evaluation of Students with School Histories of Cardiovascular Disease or Gymnasium Excuses for Cardiovascular Disease
In the course of the survey, 456 students were identified from their school medical records as having a history of cardiovascular disease or gymnasium excuses for cardiovascular disease, or both. Of these, 81 were listed for recall based on the heart sounds interpretations by two physician readers; the remaining 375 were also recalled despite negative tape readings. For all 456 students, extensive efforts were made to obtain medical data in the records of their physicians. Based on the evaluation at recall and the survey of their previous medical histories, 138 of these students were also referred for study by pediatric cardiologists. A final evaluation was then made jointly in conference by the research team's medical officers and the students' private physicians.
Of these 456 students with cardiovascular disease histories, 424 were actually seen at recall; 32 repeatedly failed to attend. Of the 424, 61 were assessed to have organic heart disease, eight from t-he group of 375 with a negative tape reading, 53 from the group of 81 with a positive tape reading. Altogether, 106 were "delabeled," i.e., they were evaluated as being free from organic heart disease, although their schools, parents, and physicians had regarded them as positive for organic heart disease. In relation to the 49,753 students tape recorded, the "delabeling" rate was 2.1 per 1,000.
Finally, 257 students were assessed as not requiring "delabeling" since their histories indicated rheumatic fever only, without heart disease, or their gymnasium excuses were grossly and knowingly "phoney" in terms of cardiovascular disease.
VaIidity Evaluation
As noted in the section on Materials and Methods, students with known specific types of heart disease were inserted randomly in the tape-recording line at each school, to assess validity of the heart-sounds tape-recording procedure. Altogether, 21 children with known rheumatic heart disease had their heart sounds recorded 39 times in this way, and eight children with congenital heart disease were recorded 16 times. Of the 39 recordings made of children with known rheumatic heart disease, false-negative interpretations-readings of no recall by both physicians-were made in 10, or 25.6 per cent. Correspondingly, of the 16 recordings on children with congenital heart disease, false-negative readings were made on three, a rate of 18.8 per cent. Over all, therefore, the false-negative rate was 23. Further, as indicated in the section on Materials and Methods, an alternate method was utilized of inserting known positives as unknowns, as part of the validity assessment.
This involved the laboratory insertion on the tapes of previously transcribed heart sounds from children with known specific types of organic disease, chiefly congenital heart disease. Altogether 82 satisfactory electronic inserts were made in the laboratory. Of these, only seven were missed, i.e., were read as no recall by both physicians. All seven of these were recordings of aortic insufficiency murmurs (cf. refs. 2 and 3) . Thus, of 16 inserts of aortic insufficiency murmurs, seven-or 43.7 per cent-were read false negative. Over all, however, the false-negative rate was only 8.5
per cent (7/82), i.e., a validity rate of 91.5 per cent.
Interreader Comparison
In accordance with previous experience,1-3 the validity rate recorded in this study-in excess of 70 per cent-was achieved only when the tape recordings were interpreted by two trained physician readers. Both with respect to the inserted knowns and the students-atlarge listed for recall, significant numbers were so interpreted by only one reader, i.e., they were missed by the other reader. Had the other reader been the first and only interpreter. these children with heart disease would not have been detected. This point emerges in another way from the data of table 1. Thus, a total of 899 students were listed for recall as suspect heart disease by one or both of the readers, but only 190 were listed by both. This is a rate of agreement on need to recall of only 21.1 per cent.
As previously noted,2'3 the agreement between readers was higher for the interpretation of recordings from children eventually diagnosed as having heart disease. Thus, it was 83.3 per cent (35/42) and 88.0 per cent (66/ 75) for the inserts, "live" and electronic, respectively, in the validity study. It was 62.8 per cent (61/97) for the students ultimately assessed to have definite organic heart disease.
Expressed another way, of the 190 students recalled by both tape readers, 61 (32.1 per cent) were diagnosed definite heart disease; of the 709 students recalled by one tape reader only, 36 (5.1 per cent) were diagnosed definite heart disease.
An analysis was also accomplished of the pattern of tape interpretation over time by each physician and by the group. It was assumed that the distribution of findings among the high school students was random, and therefore any pattern would reflect changes in the physicians over time, as they continued to interpret tapes. The total of first readings of the tape recordings was divided into quintiles.
No consistent pattern was demonstrated, i.e., the rate of recall for suspicion of organic heart disease was fairly consistent during the course of the study, being 8.0, 11.7, 11.4, 9.5, and 7.2 per 1,000 in each of the five quintiles, respectively. Correspondingly, the rate of recall because of technically unsatisfactory recordings also tended to be stable, with rates per 1,000 of 2.8, 2.5, 3.0, 2.8, and 1.9 for each of the five successive quintiles, respectively. Once the physician readers had been thoroughly trained, their performance was apparently highly consistent. Corresponding data on the individual readers who interpreted many recordings throughout the study were consistent with this inference. Discussion This study of organic heart disease in a stratified random sample of Chicago area high school students, in public and non-public schools in the city and its suburbs, recorded prevalence rates of organic heart disease, congenital and rheumatic, of 1.4 and 0.7 per 1,000 taped, respectively. Thus, the over-all prevalence rate of detected heart disease in these students was 2.1 per 1,000 taped. Stratification of the group-based on such variables as age, sex, race, socioeconomic background, city versus suburb, public versus non-public school -revealed no marked significant differences in prevalence rates of congenital, rheumatic, or total heart disease. The recorded prevalence rates for rheumatic heart disease were slightly higher for city than suburban students (0.8 vs. 0.5 per 1,000), for nonwhites compared Circulation, Volume XXXII, December 1965 with whites (0.9 vs. 0.6 per 1,000) and for females compared with males (0.8 vs. 0.5 per 1,000). However, none of t-hese rates was statistically significantly different.
These findings are generally in accord with previous data collected on Chicago public elementary school children and on Michigan City public and non-public school pupils in the elementary and junior high schools. The data from all these studies indicate that organic heart disease, both congenital and rheumatic, is distributed fairly evenly throughout our population at the present time, without marked gross clustering in any particular strata of the population.
The interpretation of these comparative rates for the population strata is complicated by the fact that the tape-recording method gives only a partial count of the total number of persons with disease in the particular groups under study. Thus, the foregoing rates are in actuality only recorded and apparent prevalence rates. They need to be corrected to take account of nonrespondents, students absent at recall, students with organic heart disease ill at home or in special schools, students missed (false negatives) by the detection procedure. When a corrected estimate was made of overall prevalence based on these considerations, the prevalence rate of rheumatic heart disease rose from 0.7 per 1,000 to 3.3, a more than four-fold increase, and the prevalence rate of congenital heart disease rose from 1.4 to 2.8 per 1,000, and the over-all rate of heart disease rose from 2.1 to 6.1 per 1,000 high school students, i.e., it almost tripled. Thus, the effects of these extrapolations and corrections on estimates of prevalence were sizable. No corresponding corrections could be made for strata of the population (e.g., white and nonwhite, male and female, urban and suburban).
Moreover, problems of sample size also place limitations on the reliability of the recorded differential prevalence rates. Further largescale studies of this population are therefore essential to obtain more accurate estimates of the relative prevalence rates of disease among various strata of the student population. Nevertheless, the data obtained to date in three studies indicate no marked differentials in prevalence rates of heart disease among the major demographic strata.
With the appropriate extrapolations and corrections, the over-all estimated prevalence rate of congenital heart disease, 2.8 per 1,000 students, is similar to that calculated for Chicago public elementary school pupils (2.1 per 1,000) and for Michigan city public and nonpublic elementary and junior high school students (2.4 per 1,000) . However, the estimated prevalence rate of rheumatic heart disease in the Chicago area high school students, 3.3 per 1,000, is considerably higher than that obtained for Chicago elementary school children (1.3 per 1,000) and for Michigan city public and non-public elementary and junior high school pupils (0.7 per 1,000). This difference is in accord with expectation, since rheumatic feverrheumatic heart disease has a significant incidence during the years students are evolving from elementary to high school status. As a result, the high school student population exhibits a slightly higher prevalence rate for rheumatic heart disease than for congenital heart disease, in contrast to the situation for younger school children. These observations underline the validity of the point emphasized in the discussion of the previous paper, i.e., the fact that rheumatic fever-rheumatic heart disease remains a significant problem in the United States at the present time, requiring continued and heightened vigilance by physicians and public health agencies to assure its effective primary and secondary prevention.4 5 The present study further demonstrated that previously undetected and unknown heart disease-diagnosed for the first time by the heart-sounds tape-recording procedure-has a significant prevalence rate, in the order of approximately 1.0 to 1.3 per 1,000 high school students, throughout the Chicago area, urban and suburban, public and non-public school, white and nonwhite. Here again, the data are in accord with observations from the two previous studies. They lend further support to the inference that children with undetected heart disease are to be found in most communities, irrespective of their demographic features, their school systems, and health services. In view of the extensive medical resources currently available for the care of children with rheumatic or congenital heart disease, it would seem appropriate to recommend the widespread use of effective massdetection procedures to reduce to a minimum the number of children with unrecognized heart disease in our population.
In addition to detecting a significant number of students with previously unrecognized heart disease, the heart-sounds tape-recording procedure demonstrated the presence of misdiagnosed or iatrogenic heart disease among significant numbers of students, and rendered an important service in "delabeling" them, with the cooperation of their parents and physicians. The over-all delabeling rate was approximately 2 per 1,000. Thus, for every student newly discovered to have heart disease, two were liberated from a false diagnosis. This ability to ferret out iatrogenic heart disease is a built-in strength of the heart-sounds tape-recording procedure, provided the protocol for its use includes recall of all students with a record of cardiovascular disease. Its decisive feature in this regard is that it assures evaluation of all suspect children at recall by highly trained pediatric cardiologists. This is a major advantage of the method.
The detection of previously unrecognized heart disease and the delabeling of students with the specially trained physician readers of with the specially trained physician readers of the tape-recordings listing for recall 1,515 students among the almost 50,000 tape recorded (a recall rate of 30.5 per 1,000). This was in accord with previous experience. It again demonstrated the efficacy of the procedure, in terms of releasing pediatric cardiologists from examining all but 2 to 3 per cent of the population of children being surveyed. This remains one of the major strengths and advantages of the procedure. As indicated in the discussion of the previous paper, the major remaining difficulties with the method are manpower availability and costs for the reading of the tapes. There is good reason to anticipate a computer solution to these problems in the period ahead.
An extensive validity study, focusing on the critical question of the false-negative rate of the heart-sounds tape-recording method, was built into the Chicago area high school study, and proceeded as part of it from beginning to end. Over-all validity rates were again demonstrated to be high, in the order of 76 to 91 per cent. Higher validity rates were recorded for the detection of congenital than for rheumatic heart disease, in accord with previous experience.3 Once again, the difficulty in detecting aortic murmurs, particularly those of rheumatic aortic insufficiency, emerged as a major factor limiting validity of the method.
The rich experience of the present validity study demonstrated that validity rates can be arbitrarily influenced to a marked degree by the nature of the inserted known positives used to assess validity. Thus, insertion of children with predominantly congenital heart disease and with loud murmurs inevitably yields a high validity rate. In contrast, insertion of children with predominantly rheumatic heart disease and with soft murmurs, particularly aortic diastolic murmurs, inevitably produces a low validity rate. These facts must be kept in mind in designing appropriate continuing validity checks for use with the heartsounds tape-recording procedure. Every effort should be made to insert children, or electronically recorded murmurs from children, whose findings in sum total represent a reasonably typical sample of heart disease in this age group in the United States at the present time. Only then will the data collected have objective meaning for the true assessment of the validity of this mass-detection methodology.
It is again worth emphasizing that high validity is obtained only with evaluation of the tape recordings by two trained physician readers; one reader yields an unsatisfactory validity rate.
It is evident from the high degree of cooperation with this procedure throughout the city and the suburban area, among all population strata-with an over-all response rate of 90 per cent-that this procedure has received Circulation, Volume XXXII, December 1965 widespread acceptance and endorsement in the Chicago community. Here again, this is in line with previous experience. It should be emphasized that this high level of acceptance was the result of deliberate, intense, coordinated, sustained effort among several key groups in the community-including professional, educational, public health and voluntary health, parents-teachers and other organizations, and the population-at-large. Significant help was also elicited and obtained from the mass media, including metropolitan and local community organs.
It seems appropriate to close the second of these two concurrent reports with the general conclusion that the heart-sounds tape-recording procedure is an efficient, feasible, and valid method for the mass detection of heart disease among elementary and high school students, and for epidemiologic research on congenital and rheumatic heart disease among large populations of children.
Summary
In a 1 in 6 stratified random sample of Chicago area high school students, urban and suburban, public and non-public, 49,753 of a potential 55,338 students (90 per cent) underwent the heart-sounds tape-recording procedure for the detection of heart disease in children. Based on an extensive educational and organizational effort among appropriate community, professional, voluntary, and public health agencies, the procedure was widely accepted and a high-response rate (90 per cent) obtained.
The recorded prevalence rates were 1.4, 0.7, and 2.1 per 1,000 for congenital, rheumatic, and all heart disease, respectively, with detection of 105 students with heart disease, 46 of them (0.9 per 1,000) previously unknown.
No significant differences in recorded prevalence of congenital or rheumatic heart disease were observed in strata of the Chicago area high school students, irrespective of age, sex, race, socioeconomic, geographic, urban-suburban, or public-nonpublic school classification. Correspondingly, students with previously undetected heart disease were found among all strata and sections of the community.
With appropriate corrections-for validity rate of the procedure, for findings among nonrespondents and among students absent at recall, for number of children at home or in hospital or special schools because of organic heart disease-it was possible to make extrapolated estimates of the prevalence rates of organic heart disease among the total Chicago area high school population (about 297,000 students). The estimated prevalence rates were 3.3, 2.8, and 6.1 per 1,000 for rheumatic, congenital, and all heart disease, respectively. Thus, for high school students, in contrast to elementary school students, prevalence rates of rheumatic heart disease were slightly higher than for congenital heart disease.
When a history of cardiovascular disease or a gymnasium excuse for cardiovascular disease was present in the school records, students were seen at recall by the pediatric cardiologists, irrespective of the findings reported by the tape readers. As a result, iatrogenic heart disease was diagnosed in 106 students (2.1 per 1,000), and they were "delabeled." This-together with the detection of previously unrecognized heart disease-is a major builtin function and service of the heart-sounds tape-recording procedure.
The detection of previously unrecognized heart disease and the correction of misdiagnosed heart disease ("delabeling" of iatrogenic heart disease) were accomplished with a recall rate of 3 per cent, thus reducing to a minimum the number of students seen by pediatric cardiologists.
Continuing assessment of validity of the tape-recording procedure, particularly evaluation of the false-negative rate of the physician readers of the tape recordings, reaffirmed the high validity of this procedure (76 per cent or greater). Validity rate was shown to depend upon the precise nature of the material inserted to accomplish the validity assessment. A high level of validity for this mass-detection procedure was again shown to be achievable only with two trained physician readers evaluating the tape recordings.
The findings further demonstrate the feasibility, utility, and validity of this method for the large-scale detection of heart disease among elementary and high school students, and for epidemiologic research on congenital and rheumatic heart disease among school populations.
